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It is mainly due to the presence of beta-lactamases that are carried on the mobile genetic elements, which accounts for the widespread event. Beta-lactamases are of diverse types, of which extended-spectrum beta-lactamases (ESBLs) and carbapenemases are reported to be rapidly disseminated. [1] Although AMR is rising globally, there is a significant variation in the resistance profile across different geographical locations. It is therefore important to monitor the rates of AMR in the clinically important pathogens at various regions across the world. This is imperative to track the trend in the changing resistance pattern over time, to guide proper therapeutic strategies to combat infections due to drug-resistant pathogens. Several large-scale surveillance studies are being conducted to monitor AMR across the globe. Studies have reported that the burden of AMR is high in Asian countries.
However, India being a participating site in the global AMR studies is negligible. Hence, there is a lack of information on the incidence rates and real burden of AMR in India. The study for monitoring AMR trend is a global surveillance program intended to monitor the efficacy of antimicrobials against GNB that cause IAIs, UTIs and RTIs. This report highlights the distribution of GNB isolated from IAIs, UTIs and RTIs; and their antimicrobial susceptibility profiles in India collected during 2014-2016.
matErIals and mEtHods
This study includes a total of 2731 clinical isolates of GNB isolated from IAIs, UTIs and RTIs. These were isolated during 2014-2016 across seven different hospitals from India. This includes Christian Medical College, Vellore; Sanjay Gandhi Post-Graduate Institute of Medical Sciences, Lucknow; Hinduja Hospital, Mumbai; Calcutta Medical Research Institute, Kolkata; Manipal Hospital, Bangalore; Fortis Hospital, Kolkatta and Choithram Hospital, Indore. All the isolates were identified up to species level by standard biochemical tests. [2] Minimum inhibitory concentration (MIC) was determined for antimicrobials using custom dehydrated Microscan broth dilution method. Susceptibility was interpreted according to breakpoints provided by CLSI guidelines for the respective years. [3] [4] [5] Antimicrobials agents tested were as follows: cephalosporins (cefoxitin, ceftazidime, cefotaxime, cefepime and ceftriaxone); β-lactam/ β-lactamase inhibitor (ampicillin/sulbactam and piperacillin/ tazobactam); carbapenems (imipenem and ertapenem); monobactam (aztreonam); fluoroquinolones (ciprofloxacin and levofloxacin); aminoglycosides (amikacin) and polymyxins (colistin). Quality control (QC) was performed each day along with the isolates testing by CLSI recommended QC strains such as Escherichia coli ATCC 25922, E. coli ATCC 35218, Pseudomonas aeruginosa ATCC 27853 and Klebsiella pneumoniae ATCC 700603 (ESBL-positive control). Clinical isolates results were considered only if the QC strains MICs were within the acceptable ranges. ESBLs were classified based on the phenotype of ceftazidime being resistant, while susceptible to carbapenems (imipenem and meropenem). Carbapenem resistance (CR) was considered based on imipenem resistance alone for the study isolates.
rEsults
Among the GNB isolates collected, E. coli (n = 1205) and Klebsiella spp (n = 676) are the most common, followed by P. aeruginosa (n = 308), other GNBs (n = 397) and Acinetobacter spp (n = 145). This was similar for intra-abdominal and UTI, while Klebsiella spp (n = 183) was more common in RTIs, followed by P. aeruginosa (n = 119), E. coli (n = 94), Acinetobacter baumannii (n = 71) and other GNBs (n = 85). No significant difference was noted with the pathogen distribution isolated across different regions. The distributions of GNBs collected during 2014-2016 are shown in Figure 1 .
Among the antimicrobials tested, carbapenems were the most active, followed by amikacin and piperacillin/tazobactam. Among cephalosporins, the activity of cefoxitin was found superior than the other agents. Moderate activity was noted for fluoroquinolones and aztreonam [ Table 1 ]. Notably, antimicrobial susceptibility profile revealed the increasing rates of ESBL producers among E. coli and Klebsiella spp were noted. About 64% of E. coli and 44% of Klebsiella spp were found to be ESBL producers. Subset analysis revealed that, in E. coli, ESBL rates were seen more in RTI (72%), followed by UTI (64%) and IAI (63%). Similarly, in Klebsiella spp, ESBL rates were higher in RTI (58%), followed by UTI (42%) and IAI (37%). Likewise, CR rates were higher in Klebsiella spp (39%) than E. coli (12%). In Klebsiella spp, CR-rates were high in UTI (41%), followed by IAI (39%) and RTI (38%). While in E. coli, CR-rates were high in RTI (19%), than UTI (14%) and IAI (11%). Overall, ESBL rates were high in E. coli, while CR was high in Klebsiella spp. Although number of tested isolates varied between IAI, UTI and RTI sources, E. coli isolated from RTIs showed high resistance rates, while Klebsiella spp isolated from UTIs were more resistant. This highlights the importance of understanding the differences in the resistance rates of organisms causing IAIs, UTI and RTIs.
In vitro antimicrobial susceptibility profile of extended-spectrum beta-lactamase producing organisms For ESBL producers, imipenem and ertapenem were found to be the most active agent followed by piperacillin/tazobactam and amikacin. Imipenem susceptibility was 100%, while ertapenem showed 90%, 90% and 95% against ESBL E. coli isolated from IAI, UTI and RTI, respectively. While for ESBL Klebsiella spp, imipenem susceptibility was 100% and ertapenem showed 64%, 72% and 85% for isolates from IAI, UTI and RTI, respectively. Carbapenem activity was found superior for ESBL producing E. coli when compared to ESBL producing Klebsiella spp. Amikacin susceptibility ranged from 88%-95% to 70%-90% for ESBL producing E. coli and Klebsiella spp, respectively.
Overall, susceptibility rates were found to be less for Klebsiella spp. Notably, cefoxitin susceptibility ranged from 26%-58% to 43%-53%, while piperacillin/tazobactam showed 60%-62% and 44%-54% for ESBL producing E. coli and Klebsiella spp, respectively. Fluoroquinolone activity was found to be the least being <20% for ESBL producing E. coli and 40%-63% for ESBL producing Klebsiella spp.
In vitro antimicrobial susceptibility profile of carbapenem-resistant organisms Table 3 summarises the antimicrobial susceptibility profile of E. coli and Klebsiella spp classified as carbapenem susceptible (CS) and carbapenem-resistant. CR was seen more in Klebsiella spp (39%) than E. coli (12%). For CR-E. coli and CR-Klebsiella spp, amikacin was the only agent which showed moderate activity. This ranged from 22% to 46% for CR-E. coli and 17% to 25% for CR-Klebsiella spp. The highest activity of amikacin was about 46% for CR-E. coli and 25% for CR-Klebsiella spp isolated from UTIs. While susceptibility to other antimicrobials were <15% for CR-E. coli and CR-Klebsiella spp. For CS E. coli and Klebsiella spp, amikacin and piperacillin/tazobactam were the most active agents. Among cephalosporins, cefoxitin was found to have the highest susceptibility than other agents. Fluoroquinolones and aztreonam activity was <50% and found to be the least active. For P. aeruginosa and A. baumannii, amikacin was the only agent which was active for about 55% and 30%, respectively (data not shown). Colistin was the most active agent found to have >95% susceptibility for P. aeruginosa and A. baumannii, respectively.
dIscussIon
Country-based incidence and antimicrobial susceptibility profile of clinical pathogens are essential. Infections due to Gram-negative organisms are commonly encountered in the clinical practice. Although many GNB causes severe infections, E. coli, Klebsiella spp, P. aeruginosa and A. baumannii are the most commonly encountered pathogens. Thus, the increasing AMR in these pathogens posing a global threat needs to be monitored. In particular, ESBL rates are alarmingly increasing in E. coli and Klebsiella spp, which accounts for about 70%. This is particularly high in India, wherein our study report concurs with the previous findings with high ESBL rates in India, China, Thailand and Vietnam. [6, 7] In India, bla CTX-M -mediated ESBLs are more common, followed by bla TEM and bla SHV (data not shown). As susceptibility rates to cephalosporins are severely decreasing, cephalosporins should not be a preferable choice for empirical therapy. While carbapenems have been considered as an alternative for empiric therapy, where the incidences of ESBLs are high.
In this study, carbapenem agents including imipenem and ertapenem exhibited moderate activity. However, there has been an increase in the CR over the past few years. In India, CR E. coli and Klebsiella spp are mainly due to the presence of metallo-beta-lactamases-bla NDM and Class D carbapenemases-bla OXA-48 like. [8] While bla VIM in P. aeruginosa and bla OXA-23,24,58 like in A. baumannii are the predominant CR noted. [9] Colistin remains as the last resort of drug for treating severe infections due to carbapenem-resistant organisms. Molecular characterisation of AMR in the resistance isolates warrants the strategies to be implemented to control the further spread of AMR determinants. However, the older drug colistin remains as the last resort for treating infections due to CR-organisms. Further, the recently Food and Drug Administration approved agents such as ceftazidime/avibactam and ceftolozane/tazobactam could be better alternatives. These agents could serve as a better alternative depending on the pathogen and the mechanism of resistance.
This study demonstrates the high ESBL frequencies observed in India, with ESBL being the dominant phenotype, alarmingly so high in India, which concurs with the previous studies.
[ [10] [11] [12] [13] [14] In addition, resistance was observed high to the majority of the antimicrobials tested, with the exception of the carbapenems and amikacin. It is imperative to point out that, despite the high and increasing ESBL rates within Asia, and in particular in India, most ESBL-producing isolates remain susceptible to these important antibiotic classes. Further, in-depth studies highly warrant tracking the ever-increasing AMR to guide drug of choice for effective empirical therapy.
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